1 

* (12) INTERNATIONAL APPLICATION PUBLISHED I NDERTHE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
Interniitional Bureau 

(43) International Publication Dale 
2 August 2001 (02.08-2001) 




PCT 



(lU) International Publication Number 

WO 01/56195 A2 



(51) International Patent Classification": H04B 10/00 

(21) International Application Number: PCT/US 01/02460 

(22) International Filing Date: 25 January 2001 (25.01.2001) 

(25) Filing Language: English 

(26) Publication Language: Bnglish 
(30) Priority Data: 



09/491.325 



26 .lunu;ir>' -000 (26.01.2000) US 



(71) Applicant: SCIENTIFIC- ATLANTA, INC. (US/USJ; 
Hubcrl J. Barnhuidt III, ScieritillL-AllariU, Inc., Intel- 
lectual Properly Depariment, 5030 Sugarloal Paikwuy, 
Lawrencevillc, GA 30044 (US). 



{74) Agents: B.ARNHARDT, Hubert, J., Iff ei a/.; Scicn- 
lific Atlania. Inc.. Inicllcciual Property Dcpartmeni. 5030 
Sugarloal Parkway, I^awrencL-ville, GA 30044 (US). 

(81) Designated State (national)'. BR. 

(84) Designated States (regional): Hurofx^an paieni (AT, BE. 
CH, CY, DE, OK, lES, FI, FR, GB, GR, IE, I F LU, MC, 
NL, PT, SE. TR). 

Published: 

without iniernational search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



{11) Inventor: FARHAN, Forrest, M.; 135 Auiry Landing 
Way, Alphareiia, GA 30022 (US). 



^5 (54) Title: DIGITAL STATUS CHANNEL FOR BROADBAND COMMUNICATION SYSTEM 



< 
IT) 

in 



REVERSE 

RF 
SIGNALS 



REVERSE I 

RF 
SIGNALS 



0/A 
CONVERTER 



r 



'565 



INTERLEAVER/ 
OEINTERLEAVER 



SERIALIZER/ 
DESERIALIZER 



1 



STATUS MONITORING 
COMPUTER 



REQUESTING/ 
PROCESSING DEVICE 



TRANSCEIVER |-*- TRANSCEIVER 



A/D 
CONVERTER 



SERIALIZER/ 
DESERIALIZER 



INTERLEAVER/ 
DEINTERLEAVER 



^530 



RESPONDING 
DEVICE 



TRANSPONDER 

CPU 



t 



522 



550 



o 



(57) Abstract: A broadband communication system (FIG, 1) having a reverse path over which reverse, upstream signals are trans- 
mined and forward paih over which forward, downstream signals aie transmitted includes a requesting device (345) for generating 
and transmitling a downstream digital optical signal comprising a status request and information. The system also includes a re- 
sponding device (410) coupled to the requesting device (345) for receiving the downstream digital optical signal and decoding the 
status request therefrom. The responding device (4 10) also processes the status request in its digital ft^xnai and gathers digital inputs 
indicative of requested statuses. Then, the responding device (410) uansmiis an upstream digital optical signal, comprising at least 
status information indicative of the requested statuses, to the requesting device (345 1 over an (»piical communication channel 
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DIGITAL STATUS CHANNEL FOR BROADBAND COMMUNICATION 

SYSTEM 



FIELD OF THE INVENTION 

This invention relates generally to broadband communication systems and, more 
specifically, to methods and systems for monitoring the condition of components 
within such communication systems. 

BACKGROUND OF THE INVENTION 

Broadband communication systems, such as cable television systems, typically 
include a control center, or headend station, that serves as an interface between the 
communication distribution network and satellite transmission systems that distribute 
conventional cable television programming. In the forward, or downstream, direction, 
the headend station receives information from the satellite systems and converts it to a 
suitable format for optical transmission to downstream elements of the cable 
distribution system. In the reverse direction, it may receive a multiplexed optical 
information signal from a number of subscriber locations, and then demodulate it for 
further processing. 

Depending on the size of the distribution system, the optical signal from the 
headend station may be transmitted directly to a node that functions as an optical-to- 
radiO'frequency (RF) transceiver or to primary and secondary* hubs that amplify and 
distribute the signal. RF signals leaving the node are distributed to individual 
subscribers using a network of amplifiers and taps. 

In the reverse, or upstream, direction, the same 'system routes RF information from 
individual subscribers to the node, where the information is converted from an 
electrical signal to an optical signal that is transmitted along fiber optic lines to the 
primary hub/headend station. In most situations, the reverse signal is transmitted at 
frequencies below 50 MHz. 
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Transmission in the reverse direction is complicated by the strength and number of 
noise sources in the designated frequency band. In addition, noise from a large 
number of subscribers is combined at the RF input to the node. In order to address 
these issues, an amplitude modulated (AM) format is conventionally used. 

In addition to information transmission to and from the subscriber, a typical cable 
communications system is also capable of monitoring the status of key plant 
components. This function is typically performed by a status-monitoring computer 
that is located at the primary hub/headend station and that communicates with 
transponders located at nodes and hubs throughout the system. The transponders are 
connected to network elements and can detect, for example, power supply problems, 
laser failure, and excessive temperature excursions in addition to some problems with 
transmitter and receiver performance. In operation, the status-monitoring computer 
sends a signal that polls an individual transponder. When the polling signal is 
received, the transponder transmits its status information back to the primary 
node/headend, where the status information is processed by the status-monitoring 
computer. 

In a conventional cable system, the polling signals are transmitted to nodes 
distributed throughout the system using a lightwave carrier that is amplitude- 
modulated according to known techniques. At an individual node, a transponder 
demodulates the polling signal and routes it to a small computer that is responsible for 
monitoring the status of several key parameters that affect node performance. When 
the appropriate information has been gathered by the transponder, the performance 
data, i.e., the status information, is transmitted back to the headend station. 
Conventionally, a radio-frequency (RF) modulator within the transponder converts the 
digital electrical data to an appropriate AM modulation format for transmission back 
to the headend station from the node. 

While AM modulation techniques were appropriate for conventional cable 
television systems, the industry trend is towards transmission of digital data in both 
the forward and reverse directions. Thus, what is needed is an improved method and 
system for monitoring component status that is compatible with and takes full 
advantage of new digital architectures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGs. 1 and 2 are block diagrams of conventional communication and status 
monitoring systems. 

FIG. 3 is a block diagram of a communication path in which the status monitoring 
system in accordemce with the present invention can be employed. 

FIG. 4 is a block diagram of a responding device, such as a node, for transmitting 
status information within the status monitoring system in accordance with the present 
invention. 

FIG. 5 is a block diagram of an information processing device, such as a headend 
or hub, for receiving and processing status information within the status monitoring 
system in accordance with the present invention. 

FIG. 6 is a block diagram of an alternative status monitoring system in accordance 
with the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 shows an analog cable television distribution system according to the prior 
art. In this system, a headend station 100 receives program information from a 
satellite system 105 (a satellite transmission, for example) and retransmits it as an 
optical signal to one or more nodes 1 10 via an optical communication medium 115. 
In alternative architectures, primary and secondary hubs may be inserted between the 
headend station 1 00 and any nodes 1 1 0 in order to serve a larger subscriber base. The 
node 1 10 converts the optical signal received from the headend station 100 to a radio 
frequency (RF) signal that is transmitted to individual subscribers 135 through a 
network of coaxial cable lines 120, RF amplifiers 125, and taps 130. 

In order to provide pay-per-view programming and similar services, nodes 110 are 
typically equipped with RF receivers and optical transmitters that can send a limited 
amount of information back to the headend station 1 00 or to a primary hub that 
processes and/or forwards the information. The two-way distribution system between 
the headend station 100 and the nodes 110 is also commonly utilized to monitor the 
operating condition of components that are located at the nodes 1 1 0. This function is 
performed by a prior art status monitoring system similar to that shown schematically 
in FIG. 2. 
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FIG. 2 depicts a conventional status monitoring system that includes a status 
monitoring computer 150 that is located at the headend or primar>' hub 100 and that 
communicates with transponders 190 at some or all of the individual nodes 110. To 
determine the operating status of a particular node 1 10, the status monitoring 
computer 150 generates an address code that is transmitted throughout the system. 
Upon recognizing its address, an individual transponder 190 transmits node status 
information in the reverse direction, i.e., upstream. This infomiation may include the 
ambient temperature in addition to parameters that are related to the status of the laser 
diode, the optical receiver, the transmitter, and other key components. By polling 
each node 1 10, such as by transmission of the address of the resident transponder 1 90, 
in the communication system on a regular basis, component failure may quickly 
detected and repaired. 

In the prior art, data is transmitted between the primary hub and nodes using 
amplitude modulated light. In contrast, the outputs of transponders and any status 
monitoring computers are true digital signals comprising strings of binary numbers. 
In order for these outputs to be compatible with the other components of the 
conventional system, modulators 155, 210 must convert the digitally modulated 
computer outputs of the transponders and status monitoring computers to an 
amplitude modulated signal. Demodulators 160, 205 perform the inverse function. 

At the primary hub or headend 100, digital data generated by the status monitoring 
computer 150 is converted to a modulated Rf signal by the modulator 155. It is 
combined with program signals 250 from various sources using a directional coupler 
1 75, and the combined signals are transmitted to the nodes 1 10 by the optical 
transmitter 1 70, 

At the node 1 10, the optical signal from the headend/primary hub 100 is processed 
to recover the transmitted radio frequency electrical signal by the receiver 225. The 
receiver output is split into" the status signal 255 and program signal 260 components 
by the directional coupler 230. The status signal 255 is then demodulated by a 
demodulator 205. The resulting bit stream is coupled to one of the inputs of the 
transponder central processing unit (CPU) 200. Other digital status inputs 265 
provide data related to the condition of the transmitter 220, receiver 225, and other 
node components. 

The transponder CPU 200 numerically processes the data from the status inputs. 
Upon receiving the appropriate digital address code (originally transmined in analog 
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formal by the headend 100 and converted to a digital format by the demodulator 205), 
the CPU 200 sends the node status results in a digital format to the modulator 210. 
The amplitude modulated output of the modulator 210 is combined with other reverse 
signals 270 by the directional coupler 21 5, and the combined signal is sent back to the 
headend/hub 100 by the optical transmitter 220. 

At the headend 100, the combined reverse optical signal is converted to an 
electrical signal by the receiver 165. The directional coupler 180 forwards status 
information to the demodulator 160, where the status information is converted into a 
digital format by the demodulator 160. The resulting data is read by the status 
monitoring computer 1 50. 

Conventional status monitoring systems similar to those of FIG. 2 suffer from a 
number of problems resulting from the use of an AM reverse link. For example, the 
RF output level of each receiver 165, 225 is directly dependent upon the optical 
modulation index (OMI), which in turn is directly related to the RF drive current, the 
laser threshold current, and the laser bias current of the laser located in the 
corresponding transmitter 170, 220. Since the laser bias and threshold currents vary 
with temperature, which in turn causes temperature variations of the OMI, the RF 
output level of the of the optical receiver also varies with temperature. In addition, 
the linearity of the received optical signal is directly dependent upon the linearity of 
the transmitting laser the receiving photodiode. Therefore, non-linearities of those 
devices can greatly degrade the perfomiance of the reverse path system. Furthermore, 
the non-linear conversion processes of lasers and photodiodes in conventional systems 
vary with temperature, further degrading the performance. 

As described in U.S. patent application serial no. 09/102,344 to Farhan et al., 
entitled "Digital Optical Transmitter" and assigned to the assignee hereof, which is 
hereby incorporated by reference, these issues may be effectively addressed by 
utilizing a digitaPmodulation format for transmitting information from the subscriber 
to the node, hub, and/or headend. According to the present invention, significant 
improvements in the performance and cost of a status monitoring system are achieved 
by utilizing a digital modulation format to transmit information from node 
transponders to a status monitoring computer located at a primary node, hub, or 
headend. In an alternative embodiment, wavelength division multiplexing is used to 
create a bidirectional, digitally modulated status channel. 
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FIG. 3 is a schematic diagram detailing the key node components of a digital 
reverse transmission system. As shown, an upstream, i.e., reverse, analog RF signal 
from the return communication distribution system is sampled and converted to an on- 
off digital format by the analog-to-digital (AJD) converter 300. The data on the 
parallel output lines of the A/D converter 300 is multiplexed onto a single line by the 
serializer 305 and processed by an optical transmitter 310, which transmits ihe digital 
optical signal upstream within the system via an optical communication channel 315, 
such as fiber optic cable. 

According to a preferred embodiment of the present invention, a status monitoring 
channel can be added to the digital reverse transmission system as shown in FIG. 4. 
In this system, the optical transmission from a status requesting device, such as a 
headend 345 or hub that polls for status information, is converted to an electrical 
signal by a receiver 340 located within a responding device, such as a node 410 or 
other device that gathers status information and responds. A directional coupler 335 
separates status transmission address information 337 from program information 332. 
A demodulator 330 converts the address information from a digitally modulated 
carrier format to a digital bit stream that is coupled to the address input of the 
transponder CPU 325. Status inputs 328 that include digitally coded information 
related to device operating parameters are also provided to the CPU 325. Upon 
receiving its address code from the upstream device 345, a digital output indicative of 
device parameters is produced by the CPU 325. 

In the reverse direction, RF information from other system components is received 
and digitized by an A/D converter 300, which is coupled to one input of an interleaver 
320. The output from the CPU 325 is coupled to a second input of the interleaver 
320, which temporally multiplexes the two inputs to generate outputs that are 
multiplexed by the serializer 305 onto a single line. The serializer output is coupled 
to the input of an optical transmitter 310, which converts the received digital electrical 
signal to a digital optical signal 350 that is transmitted via fiber optic cable to an 
information processing device. The information processing device can be, for 
instance, the same status requesting device 345 that initially polled the responding 
device 410. By way of example, the information processing device can be a headend, 
a hub, another node, or any other device capable of performing actions based on the 
received status information. 
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FIG. 5 depicts componenls of an information processing device, such as a headend 
station 345 or hub, that receives the return path signal 350 transmitted by the node 
410 (FIG. 4). In the processing device 500, which is likely upstream in the 
communication system from the responding device 410, the digital reverse signal 350 
is converted to a digital electrical signal by the optical receiver 450. The receiver 
output is demultiplexed by the deserializer 455, and its multiple output lines are 
coupled to a deinterleaver 460. The deinterleaver 460 provides status information on 
one set of outputs 462 that are coupled to the status monitoring computer 470. 
Another set of outputs 464 containing digital data originating from subscriber 
equipment is coupled to a digital-to-analog (D/A) converter 465. The analog 
electrical signal generated by the D/A converter 465 can then be processed by other 
system equipment or transmitted to external devices and systems, such as external 
service provider networks. 

In the status monitoring path, the digital output of the status monitoring computer 
470 is converted to an appropriate digitally-modulated-carrier format by the 
modulator 475 and combined with data transmissions 478 by the directional coupler 
480. The combined signals are transmitted by the optical transmitter 485 as 
lightwave, or optical, signals over an optical communication medium. 

When compared to prior art systems utilizing AM modulation, the digital reverse 
system of the present invention offers improved linearity and signal-to-noise 
performance at lower cost. Specifically, cost reductions can be achieved by replacing 
the modulator and demodulator in the conventional node-to-primary hub return 
channel with less expensive interleavers and deinterleavers. 

In the alternative embodiment shown in FIG. 6, a bidirectional digital charmel is 
created by using different optical wavelengths for communication in the forward and 
reverse directions along a single fiber. In the reverse direction, Internet 
communications, program requests, and other subscriber-generated information enter 
a responding device 505, such as a node or hub, as RF signals from subscriber devices 
and other upstream system components. An AJD converter 510 translates the data 
into a digital word that is forwarded to an interleaver/deinterleaver 515. A second 
input of the interleaver/deinterleaver 515 is generated by the transponder CPU 520. 
The transponder CPU 520 generates an output typically comprising a summary of the 
data provided by the CPU via status input lines 522. The output of the 
interleaver/deinterleaver 515 is serialized by the serializer/deserializer 525 and 
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transmitted by an optical transceiver 530 to the information processing device 550 
over an optical communication channel 545 at a first wavelength, Xi, 

At the requesting/processing device 550, which may be a headend station or hub, 
the received optical signal at wavelength X\ is converted to an electrical signal by the 
transceiver 555, the output of which is connected to a serializer/deserializer 560. In 
the reverse path of the device 550, a single input line of high-speed data is 
deserialized into several lines at a lower speed, which are coupled to an 
interleaver/deinterleaver 565. The interleaver/deinterleaver 565 separates the status 
information provided by the transponder CPU 520 from the program information 
contained in the signal and transmits the status information to the status-monitoring 
computer 570 for processing. The other information is provided to the D/A converter 
575. 

In the forward, or downstream, direction of the communication system, the output 
of ihc status monitoring computer 570 is connected to the interleaver/deinterleaver 
565, vsliich multiplexes the incoming information, including transponder address 
mlormalion, onto a single, higher-speed data line. This line is connected to the input 
oi the scriafizer/deserializer 560, which serializes the information and provides it to 
the optical transceiver 555. The transceiver 555 transmits an optical signal at a 
Nccond wavelength, A2, to the responding device 505. At the responding device 505, 
the optical siynal is converted to a digital electrical signal by the transceiver 530, 
drN<rnali/ed by the serializer/deserializer 525, and deinterleaved by the 
lnIcrlea^cr dcintcrleaver 515. Transponder addresses are provided by the 
iiiicf leaver dcinterleaver 515 to the transponder CPU 520, which, if addressed, 
subsequently transmits status data back to the information processing device 550, as 
detailed previously. 

In this embodiment, the modulators and demodulators of the prior art status 
iiionitoiing system are replaced by interleaver/deinterleavers and optical transceivers 
that arc designed for bidirectional communication at a number of discrete 
wavelengths, i.e., wavelength division multiplexing. 
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In summary, both of the digital status monitoring systems described above provide 
status information from a first device, such as a device located downstream within a 
communication system, to a second device using digital, rather than analog, signal 
formats. As a result, the digital status monitoring systems of the present invention are 
more reliable and less expensive than prior art systems based on AM modulation. 

What is claimed is: 
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CLAIMS 

1 . A broadband communication system having a reverse path over which 
reverse, upstream signals are transmitted and a forward path over which forward, 
downstream signals are transmiUed, the broadband communication system 
comprising: 

a requesting device for generating and transmitting a downstream digital 
optical signal comprising a status request and information; 

a responding device coupled to the requesting device for receiving the 
downstream digital optical signal and decoding the status request therefrom, for 
processing the status request in its digital format and gathering digital inputs 
indicative of requested statuses, and for transmitting an upstream digital optical signal 
comprising at least status information indicative of the requested statuses; and 

an optical communication channel coupled between the requesting device 
and the responding device for transmitting the downstream digital optical signal and 
the upstream digital optical signal. 

2. The broadband communication system of claim 1, wherein the requesting 
device comprises headend equipment for transmining video signals, audio signals, 
and data, and the responding device comprises one of a node and a hub for further 
distributing the video signals, audio signals, and data throughout the broadband 
communication system. 

3. The broadband communication system of claim 2, wherein the responding 
device includes a port for receiving upstream, reverse radio frequency (RF) signals 
from subscriber equipment. 

4. The broadband communication system of claim 3, wherein the upstream 
digital optical signal includes the status information and the upstream, reverse RF 
signals from the subscriber equipment. 

5. The broadband communication system of claim 3, wherein the responding 
device processes the status request without converting it to an analog format. 

6. The broadband conununication system of claim 3, wherein the requesting 
device processes the status information without converting it to an analog format. 
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